Following his war service, Richey returned to the Geological Survey and continued to work in Highland and Lowland areas of Scotland until his retirement in 1946 on reaching the age of sixty. Meantime, he had become a Senior Geologist in 1922 and a District Geologist in 1925 .
From 1946 until very shortly before his death, Richey was actively en gaged in private consultant work in applied geology and, concurrently, in part-time lecturing on geology and engineering geology at Queen's College, Dundee. He was also General Secretary of the Royal Society of Edinburgh from 1946 to 1956 .
He died at Coleshill, Warwickshire, on 19 June 1968, in his eighty-third year.
Richey's name will always be associated with his outstanding work on the central igneous complexes of the British Tertiary Province, but he was, nevertheless, a versatile and dedicated field geologist, equally at home among igneous, sedimentary and metamorphic rocks. In the course of his career, his researches extended into all those diverse fields but many of the investi gations were carried out concurrently, in regions of contrasted geology, and it is convenient, therefore, in considering his main contributions, to deal with them on the basis of subject matter rather than in chronological sequence.
C e n tr a l complexes of t h e British T e r t ia r y I gneous P rovince Mull: 1911 Mull: -1914 Mull provided the starting point for Richey's geological career and initiated the brilliant series of researches that he was to carry out on the ring-complexes of the British Tertiary Igneous Province.
Prior to the 1914-18 war, he spent part of each field season in the Island of Mull where, for several years, a primary geological survey had been in progress in the central area, believed to represent the root region of a great volcanic centre. By 1911, detailed mapping, under the meticulous guidance of C. T. Clough, had revealed the presence of an enormous number of igneous intrusions with complex relationships. Innumerable cone-sheets, cutting earlier major intrusions and lavas, had been recognized but, as yet, no clue to the broad general structure had emerged. W. B. Wright had, nevertheless, made certain observations that were to have important results. He had mapped a broad dyke-like intrusion of felsite which, extending across Loch Ba, accompanied, and chilled against, a slightly curving fault-crush. Arguing by analogy with similar features displayed by the Caledonian fault-intrusion of Glen Coe, he suggested that this might prove to be part of a ring-dyke emplaced along a ring-fracture. He also considered that the NW-SE trend of Loch Ba defined an axis of geological symmetry that con tinued to the south-east.
Wright was transferred to Ireland before Richey joined E. B. Bailey, E. M. Anderson and G. V. Wilson in their work under Clough, and to Richey was assigned the task of continuing the mapping of the Loch Ba felsite from the point where W right had lost track of the intrusion. This he accomplished brilliantly, tracing crush-rock and locally intermittent outcrops of felsite around the periphery of a central subsided block, and so, by intelligent observation and skilful mapping, succeeded in defining the first ring-dyke to be recognized in Mull. It enclosed an area varying from three and a half to five miles (5.6 to 8 km) in diameter, and was the most perfect example of a ring-dyke then known. From independent evidence obtained by Bailey and Wright it could be shown, moreover, that the central subsidence within the Loch Ba ring-fault amounted to no less than 3000 feet (914 m). His mapping also confirmed, in striking fashion, the existence of a NW-SE symmetry axis and indicated a major volcanic centre on this axis at the south-east end of Loch Ba. Other evidence that he obtained showed that the ring-dykes of Glen More had been intruded around a second major centre, situated on the same axis but to the south-east of the Loch Ba felsite ring, and that the Loch Ba felsite was not only younger than the Glen More ringdykes, but was later than all basic cone-sheets, and was thus the youngest ring-dyke in Mull. These discoveries were of critical importance as they provided Bailey with the key to the major structure of the island which could then be interpreted in terms of two successive volcanic centres, an earlier centre to the south-east, characterized by a large caldera, and a later centre to the north-west, focused on Loch Ba.
The results of Richey's work, which also included important observations on gravitative differentiation and lava characteristics, were incorporated in a classic Survey Memoir on Mull, compiled by Bailey after the tragic death of Clough in 1916, and published in 1924. This marked a great advance in the understanding of the eruptive mechanism of basaltic volcanoes, an advance in which E. M. Anderson's dynamical explanation of the formation of ring-dykes and cone-sheets was fundamental.
Richey's role had been of critical importance and it is appropriate that valuable summaries of the complex geology of Mull (and of other Tertiary volcanic centres in Scotland and Ireland) were incorporated in his Presi dential Address to the Geological Society of Glasgow (1932) and, so far as Scotland is concerned, in successive editions of his British Regional Geology volume on the Tertiary volcanic districts (1935, 1948, 1961) . The last paper written by Richey (1966) includes a statement of evidence indicating that the agglomerate of the Coire M6r syncline of eastern Mull is ventagglomerate, and not a surface deposit as had been inferred by Bailey.
Ardnamurchan : 1920-1930 After his return from army service Richey was sent to the western end of the Ardnamurchan peninsula and began work in an area where, as early as 1874, J. W. Judd had claimed that there existed the deeply eroded wreck of a great central volcano. This assignment provided a unique opportunity to demonstrate his outstanding skill as a geological surveyor and firmly estab lished his international reputation as a leading exponent of igneous field geology.
Visiting geologists had given only perfunctory attention to the area and Richey's task proved to be infinitely more complex than previous accounts had suggested. The time allotted for the survey he found insufficient and, in the last paper that he wrote (1966) , he stated that he would have required at least three more months in the field in order to do full justice to all the problems involved. In consequence, he had to neglect some local details and leave certain puzzles unsolved. Nevertheless, the amount of intrusive complexity that he disentangled in some nine months on the ground was astonishing. He distinguished three successive ring-centres, subsequently designated Centres 1, 2, and 3, in which the ring-intrusions of each cycle of activity were found to truncate or replace those of an earlier cycle. Centre 1, in the mapping of which he received some assistance from E. B. Bailey and J. B. Simpson, was characterized by arcuate explosion vents, a cone-sheet complex and some major intrusions, Centre 2 by eleven arcuate ring-dyke outcrops and an early and late set of cone-sheets, and Centre 3 by no less than fifteen ring-dykes, but very few cone-sheets. He demonstrated that the three complexes, now exposed at the same level, had formed at progressively increasing depth below the surface and, in order to explain their origin under an increasing cover, envisaged the gradual building up of a great shield volcano. He thus added Ardnamurchan to Mull as an example of a volcanic centre supporting J. W. Ju d d 's view that the Scottish Tertiary volcanic complexes are the basal wrecks of great volcanoes.
Another important inference was that the cone-sheets, in Ardnamurchan and elsewhere, probably originated at a depth of some three miles (5 km) below the present surface, and that this, consequently, was the approximate level of the dome-shaped tops of local magma reservoirs (cupolas) that supplied them.
The results of Richey's work were published in the classic Ardnamurchan Memoir of 1930, to which H. H. Thomas contributed petrographical and petrochemical sections, and which included an introductory chapter reviewing all aspects of Tertiary igneous activity in Britain. In later years he published additional comments on Ardnamurchan geology (1934 ( , 1937 ( -40, 1959 ( , 1963 ( with Harry, 1966 .
The rocks of the complex are well exposed, the complexity is not so over whelming as in Mull, and the district is easy to reach and to traverse. Ardnamurchan has thus become a type area for demonstrating most of the features of the Tertiary ring-complexes. Richey led two major excursions to the ground, one organized by the Geologists' Association (1933) and another on the occasion of the 18th Session of the International Geological Congress in Great Britain (1948) , and the region remains a Mecca for all geologists concerned with the mapping and investigation of ring-complexes elsewhere.
»
Ireland: 1925-1935
The Irish work was undertaken, during periods of annual leave, after the completion of the Ardnamurchan survey but prior to the publication of the memoir. Two main areas were investigated, the Mourne Mountains in 1925 and Slieve Gullion between 1927 and 1930. In both cases Richey had the advantage of dealing with ground previously mapped by the Irish Geological Survey between 1870 and 1877 and, in his publications, he fully acknowledged the help that he had received from the accurate mapping of W. A. Traill, J. Nolan and F. W. Egan. He also carried out some preliminary work on the Garlingford complex (adjacent to Slieve Gullion).
The advances made by Richey were mainly due to a more minute sub division of the acid rocks and detailed analysis of their contact relationships, and to an interpretation of the Irish ring-complexes in the light of Scottish experience in the Glen Coe area, in Mull and in Ardnamurchan. His major Irish papers, comprising his 1928 account of the Mournes and his 1932 description of Slieve Gullion written with H. H. Thomas as petrological collaborator, were published by the Geological Society of London, and he also dealt more briefly with these complexes in his Presidential Address to the Geological Society of Glasgow. This address, also published in 1932, was delivered before he read his Slieve Gullion paper to the London Society.
In the Mourne Mountains Richey distinguished four varieties of granite which he identified as having been emplaced successively by a process in volving repeated subterranean cauldron-subsidence. He inferred, for each stage, the development of a ring-fault with a dome-shaped cross-fracture, sinking of the central block into underlying granitic magma, and uprise and intrusion of granite around the sinking block and across the horizontal rooffracture. He regarded his interpretation of Mourne structure as comparable with that previously invoked to explain the much earlier (Caledonian) granites of Cruachan, Argyll; in the Mourne Mountains, however, he introduced, on good evidence, the concept of repeated ring-intrusion and roof-intrusion. Many years later (1963) , in a joint paper with W. T. Harry, he suggested that one of the granites of the eastern Mournes had been intruded in two magmatic pulses, and that another may have been emplaced as a resul t of a number of such pulses.
Richey's work in the Mourne Mountains is particularly illuminating as it combines a basic simplicity with a demonstration of his complete mastery of the techniques of igneous field geology and the interpretation of igneous rock contacts.
The Slieve Gullion ring-complex, which he investigated between 1927 and 1930, coincides almost exactly with the western end of the Newry granodiorite of Caledonian age, and is in part broken through by a NW-SE belt of granophyre and gabbro which Richey did not fully re-investigate. He found the ring-complex to comprise localized vent-agglomerate, com posed of country-rock fragments and associated with masses of basalt and trachyte lava, ring-dyke outcrops of granophyre and felsite, and localized crush-breccias developed from country-rock. His explanation of these facts was complicated and somewhat tentative. He assumed, on not very con clusive evidence, that, in Caledonian times, the western end of the Newry granodiorite had been emplaced as a result of cauldron-subsidence, and that the Tertiary ring-intrusion had coincided almost exactly with the margin of the supposed Caledonian subsidence. He envisaged Tertiary ringintrusion as having occurred in two stages, both of which involved the erup tion of lavas at the surface, and thought that, if any subsidence within the ring-fracture had occurred, it was of negligible amount. He also stressed the possibility that the formation of the Tertiary ring-fracture had been con ditioned in some way by a pre-existing Caledonian cauldron-subsidence. Less problematical inferences were that gases derived from rising intrusive acid magma were responsible for brecciation that produced the ventagglomerates, and that such explosive brecciation, even if unaccompanied by cauldron-subsidence, could have provided sufficient space for the ringintrusions to occupy (1932) .
At Carlingford, his recognition of lavas established the Tertiary age of the complex but he was uncertain as to whether ring-intrusions were, or were not, represented. The observations that he made are recorded in his Glasgow Presidential Address of 1932, and in his Slieve Gullion paper of the same year. He did not, however, follow up his investigation and it was left to another to provide a modern account of the complex. In later years Richey made further contributions to the geology of the Mournes and Slieve Gullion (1935, 1939 with
The Irish investigations, although scarcely so spectacular as those previ ously carried out in Scotland, were, nevertheless, of great importance as they resulted in the introduction of new concepts and confirmed the essential uniformity of the British Tertiary Province as a whole.
S k y e : 1930-1932
Richey's work in Skye was essentially of a reconnaissance nature and was undertaken mainly in connection with his Tertiary investigations elsewhere and with the preparation of a summary of the geology for his British Regional Geology volume of 1935. He did not publish separately and the main account of his observations and inferences was incorporated in his Glasgow Presi dential Address of 1932 (see also 1946, 1947 with Stewart and .
From Harker's original mapping he deduced the presence of three intru sive complexes situated at centres in the Cuillin Hills, and in the eastern and western Red Hills respectively. The sheeted gabbroic rocks of the Cuillin Hills he considered might well constitute an intrusive complex of cone-sheet type, but with no central core of country-rock, and he provided specific evidence indicating that the granophyres of the Red Hills do not have a laccolithic form. Following A. Geikie and all the Mull surveyors, he regarded the alleged 'Basic Sills' in the lavas as, in fact, the hard central parts of surface flows.
Biographical Memoirs
The Skye work, although mainly a reconnaissance, nevertheless exposed certain fundamental errors in the previous structural interpretation and igneous succession, and so re-opened the field for future investigation.
General Tertiary volcanology: 1930-1966
Richey's general views concerning the basic problems of British Tertiary volcanicity were expressed in his outstanding Presidential Address to the Geological Society of Glasgow (1932) , in the various editions of his Regional Geology volume on the Tertiary volcanic districts (1935, 1948, 1961) , and in his Presidential Address to the Edinburgh Geological Society dealing with the dykes of Scotland (1939) . Various modifications and amendments were introduced from time to time, in the light of his own subsequent work and that of others, but the fundamental conceptions remained unaltered.
He never had any doubt that the line of plutonic complexes extending from Slieve Gullion northwards to Skye represents a string of extinct volcanoes situated on a zone of crustal weakness that may even have continued north to the Faeroes (1932, 1935) , or that the lavas were the product of great shield volcanoes and not of fissure eruptions, fed by the dyke-swarms, as Geikie, Tyrrell and others had advocated. As regards the form of the Tertiary magma reservoir, he envisaged two main possibilities (1932) . The first con cerned the possible existence of a main elongate reservoir along the S-N zone of crustal weakness, with cupolas (from which the NW-SE dyke swarms were fed) at the various centres. Against this concept he cited the great south-easterly extension of the Mull dyke-swarm and thought it unlikely that dykes could have been fed over such a distance by lateral movement of magma from a Mull cupola. He, therefore, considered, as a possible alterna tive, a regional magma reservoir some 500 miles (805 km) in length in a NW-SE direction and 200 miles (322 km) in width. Such a reservoir, he thought, would serve both as the source of the magma of the cupolas at the volcanic centres and also as the feeder of dykes rising vertically from the depths along NW-SE zones of tension. Many years later, however (1954, 1958) , he apparently gave up the idea of one great regional reservoir, for he cited new evidence which suggested to him that certain dyke-swarms had been fed from the Mull and Skye centres, and that considerable lateral movement of magma in dyke-fissures is thus not improbable.
Tertiary explosive phenomena, in Richey's view, were intimately associ ated with the intrusion of acid, or relatively acid, magma and, in 1938, he described in detail the great volcanic vents of Ben Hiant, Ardnamurchan, where the explosive magma was trachytic. In a later paper (1940) he analysed the alternation of intrusion and explosion at six of the Tertiary centres and gave examples of explosion preceding and accompanying intrusion while, in the last paper that he wrote (1966) , reverting to the same subject, he discussed fragmentation by explosion and by other agencies. The derivation of acid magma was, consequently, much in his mind and con tinued to occupy his attention.
The authors of the Mull and Ardnamurchan memoirs assumed that Ter tiary acid rocks, such as granophyres and granites, had been derived by differentiation from a relatively basic magma but, in successive editions of his British Regional Geology volume, Richey's views as to the nature of the parent magma (or magmas) were modified, although the concept of differ entiation to an acid pole remained. In papers published in 1954 and 1958, however, he subscribed to the view that acid rocks, such as granophyre, may have been formed in depth by fusion of siliceous rocks of appropriate com position. His own suggestion was that the process may well have involved selective fusion of sialic crustal material by basaltic magma (1954) and that possibly, as a corollary, feldspathic (alumina-rich) basalt magma might be produced in depth when olivine-basalt magma incorporates the residual, non-granophyric, portion of partially fused granodioritic sial (1958) .
In the course of his many publications Richey dealt with virtually every aspect of British Tertiary volcanicity, and his influence has extended far beyond the limits of these islands.
I n ter n a tio n a l A ssociation of V o l c a n o l o g y : In During his Vice-Presidential term he contributed papers to the Bulletin Volcanologique, the official organ of the Association of Volcanology (1937, 1938, 1940) . In this journal, in 1947, he published a catalogue of the active volcanoes of the world, accompanied by a map of localities. This most useful little publication, the result of collaboration, led to the compilation, by the Association, of a very detailed catalogue issued in a number of parts.
T he Scottish H ig h l a n d s : 1926-1946 For short periods between 1926 In the Moine Schists in the vicinity of Loch Morar, Richey and W. Q. Kennedy mapped out a large anticlinal structure, with a complex core comprising psammitic and pelitic schists and hornblendic gneisses (1939) . On the western flank of the anticline, from the evidence of current-bedding, slump-folding and contemporaneous erosion surfaces, Richey established a stratigraphical succession in some 19000 feet (5790 m) of psammitic and pelitic strata. This was a considerable achievement, as it was the first Moinian stratigraphical succession to be fully substantiated. Richey and Kennedy thought that the rocks of the flanks of the anticline (the 'envelope') were separated by an unconformity from the rocks of the core, which were characterized by complex folding. They suggested that the core rocks, which they called 'Sub-Moines', might all be of Lewisian age.
Richey wrote a later paper dealing with drag-folds, strain-slip cleavage and slaty cleavage in the schists on the extreme western flank of the 'envelope' of the anticline near Arisaig (1948) . He argued that the folding movements responsible for the development of the Morar anticline had produced only slight metamorphism, and that the rocks were later com pletely re-crystallized by heat and solvents in the absence of any marked directed pressures.
After his retirement Richey again referred to Morar metamorphism in a preliminary note on adjacent contrasted areas of fracture-cleavage and of folded fracture-cleavage in Dalradian schistose grits in the Trossachs area of the Southern Highlands (1955) . He compared the rocks of the two con trasted areas with envelope rocks and core rocks of the M orar anticline.
Certain Morar problems gave rise to prolonged controversy involving a number of authors (1955 last item) . The points at issue concerned tectonic detail, the nature and position of the core/envelope boundary and the ages and metamorphic states of core and envelope rocks. The psammitic and pelitic 'Sub-Moine' rocks of the core are now widely regarded as Moinian, but many consider that the hornblendic gneisses were correctly assigned to the Lewisian. Full agreement has still to be reached on the general tectonics and on the metamorphic history of this very complex area.
South of the M orar and Arisaig district, in the Moine Schists between east Ardnamurchan and Sunart, Richey extended considerably previous records of the occurrence of garnet-zoisite calc-silicate ribs. In Morar he had found ribs of this type to be of value as stratigraphical index bands.
Richey also mapped a large part of the south Morvern outcrop of the Caledonian granitic complex intruded in Moine Schists near Strontian and in Morvern. He distinguished the pink granite component of the complex and mapped the two-mile long (3.2 km) strip of appinitic rock that separates granite and granodiorite east of Loch Tearnait. In Moidart, on Beinn Gaire, he investigated a remarkable concentration of sheets of acid, basic and ultrabasic appinite intruded in Moine Schists.
During the 1939-45 war Richey's Highland commitments included work connected w ith: the initiation of mining in Cretaceous glass-sand at Lochaline; the search for high-grade mica north of the Great Glen; the assessment of Scottish slate resources (1944) ; and the preparation of geological reports on proposed hydro-electric dam and tunnel sites.
Not long after he retired from the Survey Richey obtained new evidence bearing on the date of the main movements along the Great Glen Fault. The evidence, provided by dykes cutting crushed schists close to the fault north-east of Fort William, indicated that the main movements were proto-Armorican, because they were separated from authentic Amorican movements by a period of Caledonian dyke formation (1951) . His earlier work in the west, in Renfrew and Ayr, was mainly on the Carboniferous Limestone and Calciferous Sandstone Series. He worked out sequences in these strata between the Kilbirnie and Beith Hills and showed that there is a gradual increase in thickness in a north-easterly direction, and an overlap both to the west and the east, on Calciferous Sandstone volcanic rocks. He inferred the existence, in late Calciferous Sandstone and early Carboniferous Limestone times, of a north-easterly gulf along the line of the Lochwinnoch-Howwood gap, and within the gulf greater subsidence in the north-east (1925, 1930, 1947) . He also worked out sequence and struc ture in the local lavas of Calciferous Sandstone age (1928, 1930) .
In the North Ayrshire Memoir (1930) Richey pointed out that the north easterly gulf is on the line of the Dusk Water fault, across which there is an abrupt change in the thickness of Carboniferous sediments. He subsequently followed up this phenomenon of abrupt change, after it had been investi gated, mainly by various colleagues, in relation to three SW-NE faults, of which the Dusk Water fault was one. He was the first to give consideration to the wider implications, throughout the Midland Valley, of the possible north-eastward extension of the Ayrshire lines of sedimentary variation, which his colleagues correlated with contemporaneous fault movements (1937) .
As the survey extended southwards Richey revised the Dailly coalfield area (1932, 1949) and then, in collaboration with J . B. Simpson, the Sanquhar coalfield-a Carboniferous outlier, on Silurian rocks of the Southern Uplands, in Dumfriesshire (1936) . In the Thornhill outlier, to the south, Richey and J. Pringle had already shown, by fossil evidence, the previously unsuspected presence of rocks of Coal Measures age (1931) . Among Richey's tasks during the second World W ar were a re-assessment of the potentialities of the Canonbie coalfield, still further south in Dumfries and Cumberland (1945 with W. H. Barrett), and a structural study of the oilshale field near West Calder (1942) .
C o n sultant and te a c h in g w o r k : As a consultant Richey dealt with Scottish problems. He was concerned with the geological aspects of such things as limestone mining and coalfield subsidences, but much of his advisory work was in connexion with projects of the North of Scotland Hydro-electric Board. As a result of his experience in this field he published, in Water P o w e , twelve articles o of geology in relation to civil engineering at home and abroad (1955, 1959, 1963) . He also contributed papers to the Transactions of the Society of Engineers (1952, 1954) and served for some years on the Mineral Resources Panel of the Scottish Council (Development and Industry). For his students at Dundee he wrote a textbook on the elements of engineering geology (1964) . Richey's Presidential Address to Section C (geology) at a British Associa tion meeting in Belfast (1952) dealt with the relationship between geological research and the practical application of geological knowledge. He later gave encouragement to a proposal to form an Engineering Group of the Geological Society of London-a Group which was inaugurated in 1964-and provided a Foreword to the first issue of the Quarterly Journal of Engineer ing Geology (1967 Richey's work in the British Tertiary Igneous Province, and subsequent work that he encouraged others to undertake, cover much of the develop ment of fundamental ideas on British Tertiary volcanicity during more than half a century. He owed a great deal to early association in Mull with the work of C. T. Clough, E. B. Bailey, W. B. Wright and E. M. Anderson. He was also much indebted to H. H. Thomas, the Geological Survey Petrographer who, having worked with Bailey on Mull petrology, later collabor ated with Richey-officially in Ardnamurchan and unofficially in Ireland.
Richey was an inspiring colleague with a delightful Irish sense of humour. He was energetic and purposeful and a very quick worker, both in field and office. His researches on igneous and metamorphic rocks were carried out in areas of great geological complexity, and this led to some of his hypotheses being challenged. Characteristically, however, his solutions of more complex problems were put forward somewhat tentatively, and he encouraged younger geologists to re-assess and extend his work. To aspiring geologists his advice and encouragement were freely given. For his many friends in all walks of life he was ever ready with sympathy and help in times of difficulty or distress.
Richey married Henrietta Lily McNally, an Irish girl, in 1924. Their home was in Edinburgh while he was on the Survey, and then at Monifieth in Angus, not far from Dundee. His wife was a very knowledgeable gardener and at the Coach House, Monifieth, they together created a large garden with a wonderful display of roses and flowering shrubs. Each of their varied collection of rhododendrons was labelled with the name of a friend-an Irish whimsy greatly appreciated by those so honoured.
The Richeys welcomed a long succession of British and overseas geolo gists to their homes in Edinburgh and Monifieth, where they dispensed warm and generous hospitality enlivened by Irish wit and gaiety. Scottish geology, and many geologists at home and abroad, owe much to the partners in this happy Irish union. Richey is survived by his wife, three daughters and three grandchildren.
The photograph reproduced with this memoir is by E. R. Yerbury and Son, Edinburgh.
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